INTRODUCTION
============

Soccer is a sport practiced in a context of high variability and randomness that occurs with high degree of unpredictability, and according to [@b23-jer-16-3-286], its motor stimulations have intermittent and acyclic characteristics.

Several studies have made progress in understanding the demands of soccer for training young soccer players ([@b1-jer-16-3-286]; [@b6-jer-16-3-286]; [@b18-jer-16-3-286]; [@b21-jer-16-3-286]), allowing individual and collective characterization of the players in relation to their displacements during the matches and showing that soccer players in their last years of training present displacement patterns that are proportionally similar to those of professional players ([@b21-jer-16-3-286]).

It is also related in the literature that the physical performance of soccer players tends to decrease during the match due to many factors, such as accumulated fatigue, strategic trajectory, tactical choices, pace of the game, and other reasons ([@b14-jer-16-3-286]). Thus, an efficient strategy with the purpose of mitigating the effects of decreased performance of soccer players consists of substitutions made by coaches ([@b15-jer-16-3-286]). However, only evaluating soccer displacements is not a comprehensive way to monitor the oscillations in performance during a competition.

Another method described in the literature ([@b11-jer-16-3-286]; [@b12-jer-16-3-286]) to assess the load imposed on the athlete in the face of the effort made in matches and training is the rating of perceived exertion (RPE). Nonetheless, during a competition, not only is monitoring the load imposed to the soccer players necessary for high performance but also monitoring the athlete's condition with regard to his recovery is fundamental during the competition period. Therefore, based on the concept of the use of psychophysical scales similar to the RPE applied before activities, [@b16-jer-16-3-286] validated the total quality recovery (TQR), a reliable model with a simple application that makes monitoring athlete recovery possible.

Regarding the athlete's condition, the monitoring of psychological variables such as mood state has helped to control the load, mediating the perception of fatigue. A psychological instrument that is commonly used and is effective and sensitive for detecting signs is the Brunel Model Scale (BRUMS) ([@b5-jer-16-3-286]). In view of this, the general purpose of the present study was to evaluate the different variables related to the competitive environment, to analyze the differences between the game positions and match stages and to evaluate the impact of substitutions during a competition in elite junior Brazilian soccer players.

MATERIALS AND METHODS
=====================

Subjects
--------

The sample consisted of 17 male athletes who were outfield soccer players with an average age of 18.5±0.7 years, height of 178.2±6.1 cm, body mass of 72,7±6.3 kg, and fat percentage of 6.9%±1.5%, which provided 89 observations of performance in competitive matches. All the soccer players had an average practice time of 4 years in soccer training, and they were members of youth teams in a big club in São Paulo - Brazil. Young outfield players who belonged to the club's junior team (under 20) and were registered in the competition of São Paulo Football Cup 2015 were included in the research. The formation used by the team was 1-4-3-3, with the goalkeeper, two defenders, two fullbacks, three midfielders, and three strikers. This study had the approval of the Ethics Committee of São Judas Tadeu University (Protocol 897.223) dated 12/03/2014, and all the volunteers and people responsible for them signed the informed consent form for participation in the study.

Experimental procedures
-----------------------

The data collection was performed in different stadiums where the matches occurred, and all of them were considered neutral by the organization. The soccer players participated in a competition during January over 20 days that included seven games (the first phase included three games, and the second phase included one game, followed by a round of 16, a round of 8, and a semifinal), as shown in [Fig. 1](#f1-jer-16-3-286){ref-type="fig"}. The result of the six first matches was victory, and there was a defeat in the last match, culminating in the elimination of the team from the competition. All the substitutions made during the competition occurred in the second half of the match, and only one of the 19 substitutions carried out during seven games was carried out with defenders, while the other 18 were with midfielders and strikers.

Instruments
-----------

Before the games, the mood states of the athletes were monitored through BRUMS, and recovery was monitored with the TQR. During the match, the soccer players were individually monitored with a Global Positioning System (GPS) for the analysis of displacements, and at the end of the match, the RPE scale was applied ([Fig. 2](#f2-jer-16-3-286){ref-type="fig"}). All the athletes who participated in the study were already familiarized with the instruments used.

Protocol on mood states
-----------------------

The BRUMS test validated for Brazilian athletes by [@b5-jer-16-3-286] was used for the assessment of mood states. This scale is used to assess six mood states: tension, depression, anger, vigor, fatigue, and confusion, allowing the verification of emotional variation associated with sport practices. Soccer players pointed out how they felt on the assessment day through a 5-point Likert-type scale: 0 (not at all), 1 (a little), 2 (moderately), 3 (quite a bit), and 4 (extremely). Subsequently, the answers were tabulated in a sheet that determined the six mood states and a total BRUMS score. However, in the present study, the only values analyzed were vigor and fatigue because they are the emotional states that are frequently modified in training and competitive games and were the object of study in a meta-analysis conducted by [@b22-jer-16-3-286].

Recovery
--------

The TQR scale is graduated from 6 to 20, with verbal anchors related to subjective perception of recovery. The closer the value is to 20, the higher the perception of a good recovery, and the closer the value is to 6, the less appropriate the perception of recovery ([@b16-jer-16-3-286]). To apply the TQR method, the following question regarding their recovery was asked to the soccer players simultaneous with the presentation of the scale: "How are you?" The scale was applied 1 hr before the games when the athletes were starting preparation for the matches in the dressing rooms.

Physical performance
--------------------

A Qstarz BT-Q1300ST GPS Data Logger receiver (1 Hz) was put in an internal padded pocket on the shorts of each player in all games. The volume of displacements was evaluated through this device, and the total distance (TD) and two speed ranges, namely, low-speed distance (LSD) in displacements ≤15 km/hr and high-speed distance (HSD) during sprints \>15 km/hr, were measured. To adjust the data, the absolute distance was measured in meters (m) divided by the played minutes (min), which is known as the relative distance (m/min), according to the suggestion of [@b9-jer-16-3-286].

Rating of perceived exertion
----------------------------

Control of the internal load was achieved through the RPE of [@b3-jer-16-3-286], with a scale graduated from 0 (no exertion) to 10 (maximal exertion). To apply the RPE method, the following question was asked to the players concomitantly with the presentation of the scale 30 min after the end of every game: "How did you perceive the effort made in the game?" All the RPE values were multiplied by the participation in minutes in the games, determining a value (TRIMP) that represents the magnitude of the session in arbitrary units (AU) denominated the session-RPE ([@b12-jer-16-3-286]).

Statistical analysis
--------------------

A descriptive analysis of data was performed through averages and standard deviations comparing the results between match stages (first and second half) and game positions performed by the players. Analysis of variance (ANOVA) for mixed models (considering that the same athlete was evaluated several times) or ANOVA for a fixed factor were used for an inferential analysis always followed by multiple comparisons with Tukey method to detail where significant differences occurred. The analysis was performed with SAS 9 (Institute Inc., Cary, NC, USA). All results were evaluated using a significance level of 5%.

RESULTS
=======

[Table 1](#t1-jer-16-3-286){ref-type="table"} presents a descriptive analysis of the average of all the games of the competition, separated by the 1st half, 2nd half and total time using the average and standard deviation of the following variables: TD (m/min), LSD (m/min) ≤15 km/hr, HSD (m/min) \>15 km/hr, session-RPE, TQR, mood state vigor, and mood state fatigue.

[Table 2](#t2-jer-16-3-286){ref-type="table"} presents a descriptive analysis of the average of all the games of the competition separated according to the position performed (fullbacks, defenders, midfielders, or strikers) using the average and standard deviation of the following variables: TD (m/min), LSD (m/min) ≤15 km/hr, HSD (m/min), session-RPE, TQR, mood state vigor, and mood state fatigue.

[Table 3](#t3-jer-16-3-286){ref-type="table"} presents a descriptive analysis of the average of all games in the competition, separating entire match soccer players from replaced and substitute players using the average and standard deviation of the following variables: TD (m/min), LSD (m/min) ≤15 km/hr, HSD (m/min) \>15 km/hr, session-RPE, TQR, mood state vigor, and mood state fatigue.

DISCUSSION
==========

The present study showed that the TD was markedly lower in the 1st half than in the 2nd half of game, and the same significant difference was observed for LSD in low-intensity displacements and for HSD in high-intensity displacements. These differences were certainly influenced by the substitute players, since according to [@b19-jer-16-3-286], high-intensity displacements are 25% higher during the last 15 min of matches in substitute players than in players who started playing. Another preliminary study with a model comparing the times, similar to the present study, was conducted with professional French soccer players and observed greater but not significant distances covered in the second half than in the first due to the substitutions carried out ([@b8-jer-16-3-286]). In the present study, the decrease in the observed displacements from the first to the second half in entire match players may have occurred due to the development of fatigue during the game ([@b17-jer-16-3-286]).

In the match total average, the results of the TD (110±11 m/min) were similar to those of elite Brazilian junior players (109 m/min), but the study did not report if there were substitutions ([@b20-jer-16-3-286]). In LSD and HSD actions, the distances (94±8 m/min and 16±5 m/min) differ from the findings of the study by [@b1-jer-16-3-286] regarding low intensities (88.1 m/min) and high intensities (21.9 m/min) for Turkish junior players. With respect to the positions in the game, the present study observed TD characteristics similar to those observed in the study by [@b21-jer-16-3-286], in which midfielders covered longer distances than strikers; however, the significance level in the present study was low (*P*=0.0755). On the other hand, in LSD displacements, midfielders covered significantly longer distances (*P*=0.0383, *P*=0.0091) than defenders and strikers. [@b6-jer-16-3-286] found similar results with young soccer players, indicating that defensive midfielders covered longer distances (*P*≤0.05) than strikers. Despite the differences in speed range patterns in these studies, there are tendencies for defenders cover shorter TDs and for midfielders to cover longer TDs in higher speed ranges ([@b1-jer-16-3-286]; [@b6-jer-16-3-286]; [@b18-jer-16-3-286]; [@b24-jer-16-3-286]). Midfielders likely cover longer distances due to their function of linking the team's defense and attack ([@b10-jer-16-3-286]). Defenders cover shorter distances because their main purpose is to protect the goal; thus, their displacements are restricted to strategic places in the field ([@b7-jer-16-3-286]). With regard to strikers, many studies ([@b1-jer-16-3-286]; [@b6-jer-16-3-286]; [@b24-jer-16-3-286]) have shown that they cover shorter distances than players in other positions, a fact that was not confirmed in this study.

Analyzing the differences between the entire match, replaced, and substitute players, it was noted that entire match players presented a significantly lower TD (*P*=0.0168, *P*=0.0068) than replaced and substitute players. These results are analogous to those of a study by [@b4-jer-16-3-286] involving English professional soccer players, which concluded that the TD covered by the soccer players who played the entire match (112±10 m/min) was significantly shorter (*P*\<0.0001) than that of replaced (116±11 m/min) and substitute players (120±15 m/min); however, unlike the present study, there was a difference (*P*\<0.0001) between replaced and substitute players. Similar to this work, [@b4-jer-16-3-286] verified the displacements in different speed ranges, identifying that during high intensity (14.4--19.7 km/hr), the entire match soccer players covered significantly shorter distances (*P*\<0.0001) than the replaced and substitute players, and the replaced players covered shorter distances (*P*\<0.0001) than the substitute players. These results are similar to those of the present study, which observed significantly shorter HSD displacements (*P*=0.0011, *P*= 0.0189) among entire match players than among substitute and replaced players. In very low-intensity displacements (0.7--7.1 km/hr), [@b4-jer-16-3-286] noticed that substitute soccer players covered shorter distances (*P*\<0.0001) than the replaced and entire match players, while in low intensities (7.2--14.3 km/hr) the entire match and replaced players covered shorter distances (*P*\<0.0001) than the substitute players. The present study used a different low-intensity range (≤15 km/hr) and verified that there was a smaller but not significant difference (*P*=0.0804) between the entire match and replaced players alone.

The present study verified that the average value of the TQR in soccer players in seven games was 15.3±1.0 in psychophysical scales; in other words, according to the scale used, the athletes reported "good recovery" ([@b16-jer-16-3-286]). In relation to session-RPE, the values obtained were 569±289 AUs, which are inferior values compared with those in the study by [@b25-jer-16-3-286], in which players presented 759±51 AUs in a competitive match with elite junior soccer players. This difference is likely due to average values that were influenced by the substitutions in the matches. In soccer positions, recovery of soccer players does not depend on "good" or "very good" positioning performed on the field according to the scale used ([@b16-jer-16-3-286]). With respect to the session-RPE, although it did not present significant differences, there was great variation in the values, which ranged between 443±295 and 819±107; this finding may be related to the positions in which there was a higher number of replaced and substitute players. These data corroborate those of the study by [@b13-jer-16-3-286] that involved professional soccer players (n=22) and evaluated the session-RPE in 13 training sessions and organized the results according to the game positions, with no reports of significant differences among them. Another aspect of the TQR observed in the present study was that the recovery of the entire match players was lower than the recovery of the substitute players (*P*=0.0016) and the replaced players (*P*=0.0384). The same happened with the mood state, represented by fatigue, in which the entire match players presented a higher value (*P*=0.0460) than the substitute players. These altered perceptions and sensations of TQR and fatigue are likely related to the level of anxiety before the matches because the entire match players were already aware of the condition of starters in advance of the line-up. In relation to the session-RPE, the entire match and replaced players reported higher perceived exertion (*P*\<0.0001) than the substitute players, confirming the tendency that the higher the participation time is, the higher the exertion perception ([@b12-jer-16-3-286]).

Regarding mood states, this study verified that in the average of games the results were similar for vigor (11.8±3.1) and fatigue (0.9±1.2). These results show mood states compatible with what was expected in a high-performance competitive sports environment, with a positive mood due to elevated vigor associated with a low level of fatigue ([@b2-jer-16-3-286]). In different positions of the game, no significant differences were observed in mood states for vigor and fatigue among soccer players.

Another important issue regarding substitutions is that all of them took place in the 2nd half, and from 19 substitutions carried out during seven games, only one involved defender; in other words, 18 occurred with midfielders and strikers, showing a tendency to look for performance improvement in the attack line. The same tendency was highlighted by [@b4-jer-16-3-286], who verified that most of the substitutions (*P*≤0.05) took place during the second stage of the match, and the attack lines (midfielders and strikers) were prioritized (*P*\<0.0001). The preference for substitutions of midfielder and striker players possibly occurs for tactical reasons including increasing the creation of opportunities for goal ([@b4-jer-16-3-286]). In a study of professional French soccer players (n=18), [@b8-jer-16-3-286] noticed that during the first ten minutes as substitute players, midfielders cover distances with high intensity in a similar way to the first ten minutes of the games. In other words, while the team partners and opponents present decreased physical performance, the substitute players show great conditions. The coaches must unfailingly carry out substitutions of soccer players to keep and increase the team game intensity, but contextual factors (injuries and cramps), the game model, the team tactical philosophy, and technical, positional and situational factors ([@b4-jer-16-3-286]; [@b14-jer-16-3-286]) as well as the psychophysical and psychological conditions of athletes during the competition are essential in these decisions.

In summary, the present study was able to characterize the demands of displacements of elite junior soccer players throughout one of the biggest national competitions of the category. As a differential, it presented the behavior of psychological states through mood states and psychophysical demands using the TQR and RPE scales. The data reported in this study show important details that regardless of the context, extrapolation of data can be useful for the team competitive strategies. Substitutions are decisive for maintenance and for increasing the total displacement average and players' high intensity, balancing a tendency toward decreased motor performance in the second half of games played by junior soccer players. New studies could analyze the impact of the substitutions of young soccer players.
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![Distribution of games throughout the days of the competitive period.](jer-16-3-286f1){#f1-jer-16-3-286}

![Study experimental sequence. TQR, total quality recovery; GPS, Global Positioning System; RPE, rating of perceived exertion.](jer-16-3-286f2){#f2-jer-16-3-286}

###### 

Comparison of the first half, second half and total match average

  Variable                 1st half (n=70)                                      2nd half (n=89)   *P*-value   95% CI        Total average (n=89)   95% CI
  ------------------------ ---------------------------------------------------- ----------------- ----------- ------------- ---------------------- --------------
  TD (m/min)               60±14[\*](#tfn4-jer-16-3-286){ref-type="table-fn"}   63±29             0.0035      −4.6 to 9.3   110±11                 107.1--111.9
  LSD (m/min) ≤15 km/hr    52±11[\*](#tfn4-jer-16-3-286){ref-type="table-fn"}   54±24             0.0037      −3.6 to 7.5   94±8                   91.9--95.2
  HSD (m/min) \>15 km/hr   9±4[\*](#tfn4-jer-16-3-286){ref-type="table-fn"}     9±6               0.0121      −1.2 to 2.0   16±5                   14.8--17.1
  Session-RPE                                                                                                               569±289                508.3--630.1
  TQR                                                                                                                       15.3±1.0               15.1--15.5
  Mood state vigor                                                                                                          11.8±3.1               11.2--12.5
  Mood state fatigue                                                                                                        0.9±1.2                0.6--1.1

Values are presented as the mean±standard deviation.

TD, total distance; LSD, low-speed distance; HSD, high-speed distance; RPE, rating of perceived exertion; TQR, total quality recovery.

Data from the 1st and 2nd halves and total match and time differences (*P*-value) with 95% confidence intervals (CIs).

Significant difference from the 1st to the 2nd half of the match (*P*\>0.05).

###### 

Comparison of positions

  Variable                 Fullbacks (n=14)   Defenders (n=15)                                    Midfielders (n=28)   Strikers (n=32)                                       *P*-value
  ------------------------ ------------------ --------------------------------------------------- -------------------- ----------------------------------------------------- -----------
  TD (m/min)               105±8              102±5                                               120±10               106±11[a)](#tfn7-jer-16-3-286){ref-type="table-fn"}   0.0439
  LSD (m/min) ≤15 km/hr    91±6               89±4[b)](#tfn8-jer-16-3-286){ref-type="table-fn"}   101±6                90±7[c)](#tfn9-jer-16-3-286){ref-type="table-fn"}     0.0069
  HSD (m/min) \>15 km/hr   14±3               13±2                                                19±6                 16±5                                                  0.4508
  Session-RPE              819±107            703±211                                             517±283              443±295                                               0.1461
  TQR                      14.6±0.5           14.7±1.0                                            15.8±1.0             15.4±1.1                                              0.2209
  Mood state vigor         10.2±3.6           14.2±2.5                                            11.4±3.0             11.8±2.8                                              0.2994
  Mood state fatigue       1.7±1.3            0.7±0.7                                             0.7±1.3              0.7±1.1                                               0.3070

Values are presented as the mean±standard deviation.

TD, total distance; LSD, low-speed distance; HSD, high-speed distance; RPE, rating of perceived exertion; TQR, total quality recovery.

TD: strikers\<midfielders, *P*=0.0755.

LSD: defenders\<midfielders, *P*=0.0383.

LSD: strikers\<midfielders, *P*=0.0091.

###### 

Analysis of entire match, replaced, and substitute soccer players

  Variable                 Entire match (n=51)                                                                                   Replaced (n=19)                                          Substitute (n=19)                                       *P*-value
  ------------------------ ----------------------------------------------------------------------------------------------------- -------------------------------------------------------- ------------------------------------------------------- -----------
  TD (m/min)               106±10[a](#tfn12-jer-16-3-286){ref-type="table-fn"},[b)](#tfn13-jer-16-3-286){ref-type="table-fn"}    114±12                                                   115±12                                                  0.0016
  LSD (m/min) ≤15 km/hr    92±7                                                                                                  96±9                                                     96±8                                                    0.0353
  HSD (m/min) \>15 km/hr   14±4[c](#tfn14-jer-16-3-286){ref-type="table-fn"},[d)](#tfn15-jer-16-3-286){ref-type="table-fn"}      18±4                                                     19±7                                                    0.0004
  Session-RPE              769±116[e](#tfn16-jer-16-3-286){ref-type="table-fn"},[f)](#tfn17-jer-16-3-286){ref-type="table-fn"}   502±126[g)](#tfn18-jer-16-3-286){ref-type="table-fn"}    99±57                                                   \<0.0001
  TQR                      15.1±0.9[h)](#tfn19-jer-16-3-286){ref-type="table-fn"}                                                15.2±1.2[i)](#tfn20-jer-16-3-286){ref-type="table-fn"}   16.0±0.8                                                0.0023
  Mood state vigor         11.8±3.5                                                                                              12.2±3.1                                                 11.6±2.1                                                0.8200
  Mood state fatigue       1.1±1.4                                                                                               0.6±0.8                                                  0.4±0.6[j)](#tfn21-jer-16-3-286){ref-type="table-fn"}   0.0387

Values are presented as the mean±standard deviation.

TD, total distance; LSD, low-speed distance; HSD, high-speed distance; RPE, rating of perceived exertion; TQR, total quality recovery.

TD: entire match\<replaced *P*=0.0168.

TD: entire match\<substitute *P*=0.0068.

HSD: entire match\<replaced *P*=0.0189.

HSD: entire match\<substitute *P*=0.0011.

Session-RPE: entire match\>replaced *P*≤0.0001.

Session-RPE: entire match\> substitute *P*≤0.0001.

Session-RPE: replaced\>substitute *P*≤0.0001.

TQR: entire match\<substitute *P*=0.0016.

TQR: entire match\<substitute *P*=0.0384.

Mood states fatigue: entire match\>substitute *P*=0.0460.
